Serpin peptidase inhibitor, clade G (C1 inhibitor), member 1, encoded by the SERPING1 gene (OMIM 606860), is a protease inhibitor in the serine proteinase inhibitor super-family, which mainly functions as an inhibitor of the complement system to prevent spontaneous activation [7] .
The complement component 1 (C1) inhibitor, expressed in the neural retina, retina pigment epithelium, and choroidal tissues, has a crucial role in inhibiting C1 and might implicate the classic pathway of complement activation in AMD [6, 8] . The human SERPING1 gene, composed of eight exons and seven introns, is located on chromosome 11q11-q13.1 [9] . Although the specific etiology of AMD is still not well elaborated, it has been hypothesized that single nucleotide polymorphisms in the SERPING1 gene may have an impact on production and function, leading to complement activation, and thus conducive to an individual's susceptibility to AMD [10] . Additionally, numerous studies have investigated the potential associations between common polymorphisms in the SERPING1 rs2511989 polymorphism and risk of AMD [6, 11] . The rs2511989 polymorphism as the haplotype-tagging single nucleotide polymorphism (SNP) has been reported to be positively associated with the risk of AMD in Caucasians [5] . Recent studies have focused on the relationship between a common polymorphism (rs2511989 G>A) in the SERPING1 gene and the risk of AMD, but the results were inconclusive [5, 12] . The purpose of the current meta-analysis was to evaluate whether the SERPING1 rs2511989 polymorphism contributes to susceptibility to AMD.
METHODS

Search strategy:
The PubMed, CISCOM, CINAHL, Web of Science, Google Scholar, EBSCO, Cochrane Library, and CBM databases were searched for relevant articles published before November 1, 2013, without any language restrictions. The following keywords and MeSH terms were used: ["SNP" or "mutation" or "genetic polymorphism" or "variation" or "polymorphism" or "single nucleotide polymorphism" or "variant"] and ["age-related macular degenerations" or "AMD" or "age-related maculopathy" or "senile macular degeneration"] and ["pigment epithelium-derived factor" or "PEDF" or "SERPIN-F1" or "serpin peptidase inhibitor, clade G, member 1" or "C1 inhibitor" or "SERPING1"]. We also performed a manual search of the reference lists from the relevant articles to find other potential articles.
Selection criteria:
The studies must meet all four of the following criteria: (1) The study design must be a case-control study that focused on the relationship between the SERPING1 rs2511989 polymorphism and susceptibility to AMD; (2) all patients met diagnostic criteria for AMD; (3) the genotype frequencies of the healthy controls should follow the HardyWeinberg equilibrium (HWE); and (4) the study must provide sufficient information about the genotype frequencies. If the study did not meet the inclusion criteria, it was excluded. The most recent or the largest sample size publication was included when the authors published several studies using the same subjects.
Data extraction: Relevant data were systematically extracted from all included studies by two observers using a standardized form. The researchers collected the following data: language of publication, publication year of article, the first author's surname, geographic location, design of study, sample size, the source of the subjects, genotype frequencies, source of samples, genotyping method, evidence of HWE, etc.
Quality assessment: Methodological quality was evaluated separately by two observers using the Newcastle-Ottawa Scale (NOS) criteria [13] . The NOS criteria included three aspects: (1) subject selection: 0-4, (2) comparability of subjects: 0-2, and (3) clinical outcome: 0-3. NOS scores ranged from 0 to 9 with a score ≥7 indicating good quality.
Statistical analysis: STATA version 12.0 (Stata Corp, College Station, TX) software was used for meta-analysis. We calculated crude odds ratio (OR) with a 95% confidence interval (95% CI) to evaluate the relationships under five genetic models. Genotype frequencies of healthy controls were tested for HWE using the χ 2 test. The statistical significance of pooled ORs was assessed with the Z test. Cochran's Q-statistic and the I 2 test were used to evaluate potential heterogeneity between studies [14] . If the Q test showed a p<0.05 or the I 2 test exhibited >50%, which indicates significant heterogeneity, the random effects model was conducted, or else the fixed-effects model was used. We also performed subgroup and meta-regression analyses to investigate potential sources of heterogeneity. A sensitivity analysis was conducted to assess the influence of single studies on the overall ORs. Beggar's funnel plots and Egger's linear regression test were used to investigate publication bias [15] .
RESULTS
Baseline characteristics of included studies:
Initially, the searched keywords identified 36 articles. We reviewed the titles and abstracts of all articles and excluded 14 articles; full texts were also reviewed, and 15 articles were further excluded. Finally, seven case-control studies with a total of 7,159 patients with AMD and 5,797 healthy subjects met our inclusion criteria for qualitative data analysis [4] [5] [6] 11, 12, 16, 17] . Figure 1 shows the selection process for the eligible articles. The distribution of the number of topicrelated works in electronic databases during the last decade is shown in Figure 2 . Overall, five studies were conducted among Caucasians and two studies among Asians. The TaqMan assay method was conducted in six studies, and only one study used MassARRAY. None of the studies deviated from the HWE (all p>0.05). The NOS scores of all included studies were ≥5. We summarize the study characteristics and methodological quality in Table 1 .
Quantitative data synthesis: Meta-analysis findings for the relationship between the SERPING1 rs2511989 polymorphism and the risk of AMD are shown in Table 2 . The randomeffects model was conducted because obvious heterogeneity existed between studies. Our meta-analysis indicated that the SERPING1 rs2511989 polymorphism might be correlated with an increased risk of AMD under four genetic models (G allele versus A allele: OR = 1.09, 95% CI = 1.03-1.15, p = 0.020; GG + GA versus AA: OR = 1.14, 95% CI = 1.03-1.26, p = 0.014; GG versus GA+AA: OR = 1.10, 95% CI = 1.02-1.19, p = 0.012; GG versus AA: OR = 1.20, 95% CI = 1.07-1.34, p = 0.002; respectively).
Subgroup analyses were conducted to investigate the impact of potential factors on an individual's risk of AMD. Results of subgroup analysis by ethnicity revealed positive correlations between the SERPING1 rs2511989 polymorphism and AMD risk among Caucasians under five genetic models (all p<0.05), but not among Asians (all p>0.05; Figure 3 ). In the stratified analysis based on country, the results suggested that the SERPING1 rs2511989 polymorphism might increase the risk of AMD in the populations of the United Kingdom and the United States, but not in the populations of Japan and China (all p>0.05; Figure 4) . We also performed subgroup analyses with the source of controls and sample size. These results also indicated significant associations between the SERPING1 rs2511989 polymorphism and an increased risk of AMD in the population-based and large sample-size subgroups; however, no positive correlations were observed in the hospital-based and small sample-size subgroups (as shown in Table 2 ).
Meta-regression analysis confirmed that none of the factors may be the dominant sources of heterogeneity (as shown in Table 3 ). The results of the sensitivity analysis indicated that the overall pooled ORs were not affected by a single study ( Figure 5 ). No evidence for asymmetry was observed in the Beggar funnel plots (Figure 6 ). Egger's test also failed to reveal any evidence of publication bias (all p>0.05).
DISCUSSION
The present meta-analysis indicated that the SERPING1 rs2511989 polymorphism was associated with an increased risk of AMD, suggesting that this polymorphism may be a causative factor for the pathogenesis of AMD. The results could be explained by the fact that the C1 inhibitor, encoded by the SERPING1 gene, expressed in the neural retina, retina pigment epithelium, and choroidal tissues, is an important complement regulator of the classical complement pathway by inhibiting proteolytic activity [8, 18] . The SERPING1 rs2511989 polymorphism may give rise to a dysfunctional protein or influence the expression levels of SERPING1, leading to hereditary angioedema, which may increase the risk of developing AMD [6, 10, 19] .
Considering the possibility of obvious heterogeneity, which may have a negative influence on the results of relevant studies, we carefully performed stratified analysis based on ethnicity, genotyping method, and sample size. The results of subgroup analysis by ethnicity revealed positive correlations between the SERPING1 rs2511989 polymorphism and the pathogenesis of AMD among Caucasians, but not among Asians. The SERPING1 rs2511989 polymorphism may result in dysfunctional protein and subnormal concentrations of the SERPING1 protein that have been shown to affect the complement system, a powerful component of innate immunity recognizing and facilitating the elimination of pathogens and unwanted host material, thus contributing to the pathogenesis of AMD [6] . Subgroup analyses based on the source of the controls and sample size indicated significant associations between the SERPING1 rs2511989 polymorphism and an increased risk of AMD in population-based and large sample-size subgroups. Our results were in accordance with a previous study that demonstrated genetic variation in Figure 1 . Flowchart of the literature search and study selection. Seven case-control studies were included in the meta-analysis. SERPING1 might cause hereditary angioedema implications and inhibit the classic pathway of complement activation in AMD [16] . In short, our findings were consistent with previous studies that SERPING1 genetic variations may be implicated in the pathogenesis of AMD, suggesting that this polymorphism may be a helpful biomarker for early diagnosis of AMD.
Subgroup analysis G allele versus
The current meta-analysis also had several limitations that should be acknowledged. First, our results lacked sufficient statistical power to assess the correlations between the SERPING1 rs2511989 polymorphism and the occurrence of AMD. Second, meta-analysis is a retrospective study that may lead to subject selection bias, and thus affect the reliability of our results. Third, our meta-analysis failed to obtain original data from the studies included, which may limit further evaluation of the potential role of theSERPING1 rs2511989 polymorphism in the development of AMD.
Although our study has many limitations, this is the first meta-analysis focusing on the relationships between the SERPING1 rs2511989 polymorphism and the pathogenesis of AMD. Furthermore, we performed a highly sensitive literature search strategy for electronic databases. A manual search of the reference lists from the relevant articles was also conducted to find other potential articles. The selection process for eligible articles was based on strict inclusion and exclusion criteria. Importantly, rigorous statistical analysis of SNP data provided a basis for pooling information from individual studies.
In conclusion, our findings provide empirical evidence that the SERPING1 rs2511989 polymorphism may conduce susceptibility to AMD. Thus, the SERPING1 rs2511989 polymorphism could be used as a helpful biomarker for early diagnosis of AMD. However, due to study limitations, more SE=standard error; 95%CI=95% confidence interval; UL=upper limit; LL=lower limit. 
